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A SPACE STATION STRUCTURES AND ASSEMBLY
VERIFICATION EXPERIMENT - SAVE
INTRODUCTION
The Space Station structure has been baselined to be a 5 M (16.4 ft)
erectable truss. This structure will provide the overall framework to attach
laboratory modules and other systems, subsystems and utilities. The assembly
of this structure represents a formidable EVA challenge. To validate this capability
the Space Station Structures/Dynamics Technical Integration Panel (TIP) met on
February 12 and 13, 1986 to develop the necessary data for an integrated STS
structures flight experiment. As a result of this meeting, the Langley Research
Center initiated a joint Langley/Boeing Aerospace Company study which supported
the structures/dynamics TIP in developing the preliminary definition and design
of a 5 M erectable space station truss and the resources required for a proposed
flight experiment.
The purpose of the study was to: (1) Devise methods of truss assembly by
astronauts; (2) define a specific test matrix for dynamic characterization; (3) identify
instrumentation and data system requirements; (4) determine the power,
propulsion and control requirements for the truss on-orbit for 3 years; (5) study
the packaging of the experiment in the orbiter cargo bay; (6) prepare a preliminary
cost estimate and schedule for the experiment; and (7) provide a list of potential
follow-on experiments using the structure as a free flyer.
This report presents the results of this three month study conducted jointly
by the Langley Research Center and the Boeing Aerospace Company.
(/)
iii
>
m
O
i,i
El
O
l--
Z
UJ
=i
E
i,i
a.
X
LU
(/)(D
CL
O
.C: (D
O >"
m
-- 00 _-_
_- 0
e-
c-
o_
c- -_
oN>
o (1)
Z_-o
c--
0 _
•_ _
_1_ (D _.-,
I-- (D C_
_o
2
LIJ
LU.--
I"I"
,._.,,._.
. ._.,..,_,
LI=I I:I::
._ _,
_(=)
__<=_,,,
=_,.,.,_,.,-o (..)gnus<
"JW LUu-
>-i'1- n
_._0
'<m
_o__
n'O000
_Z rr E:r_ rr
U) <{ n n_ n__.
3
v_
_p
c_
_J
_B
it
llt
ml
Z
Q
Im
_p
LLI
Im
ill
iTi
4

z_
r_
Im
LL
W
_J
c_
Z
Im
LIJ
Im
Z
lid
q_
• 6
Aa
PRECEDING PAGE _LA_,_; _;OT FIL_'_ED
LU
..J
1:3
LU
0
O_
>-
I::3
k-
03
E _.
•-- _3) O_
0 (0 _0
m
m m
¢- ¢- ¢-
0 0 0
ILl
..J
I!1
U)
• °
• /G ° ..
0
I
Z
_ _ z_ _
,,'Z Z 0 ,'T; I- ' <I:LU< :_<: (,I (2 re C_
2:: 0 0 m 0 X _ Z
u) ,'," I -, m ,';" :S ,-r
l--
n-
O
1J.I
rr
=.J
,<
Z
m
1.1.
_s
7p
c_
tm
i,
,_1
,Jl
cC
Z
O
I,--q
Z
W
Im
Z
I,--4
i,i
c_
IJ4
-r
in
"0
:3
,,-.
E
Z o
0 _
Q.LLI m
co e
O
111
1]
z-J
)-.
LI.
LaJ
-J
...J
..J
Z
I-4
I--
z
w
Z
w
,:C
.-r
I--
12
DE poor QUALITY
o_
o_
PRECEDING PAGZ L_,.A;'-:_.:,_OT _:_L_',_i-.O
13
r14
Iml
_J
eul
C_ C_ 0 0 v'_ 0 C_
!5
cr_
n-
O
_t
x
16
UJ
,,(
=o
m i ml m i i
i
17
c2
C
X
" r,. el"
_._
_ ._.c_.
_= _,_
0 .__
0
,_'-
,.l_ Q) _ e"
__® _
_ .__"- "
_ 0 Q) _ m
._ ;:'_ r,1," -_
18
D • b
LU
>
]9
20
21
PRECEDING PAG_ ,.,,.._,;,,;,_r _..,__OT F;L,_,ISD
(, ._.._o o "_
_o_ .,- .=_
1-oO _
_,_ _ 0
0 c_ ¢_ bl k
--- _._
0
0
o_
r_
=_.; _.o
2= _.__
._-'o _ _'_
m or_
_,._ ._ _ o
". '_ b_U3 -"_, ._ r" 0
_'L _) e"
_) C_.--_ =
_o _ _
22
LLI
t
=o
0
_J
=
T.,
_E _ mJ_a_ ._ ! .
• r" Irr
"-- @ I
a. i-- i
.'__ c_ I
v ¢,} I . 0
- ,- g__ i ._i_
g_
Eo
i
0 _
_._
_'<" I ""
E
f_l o,_ It,,,.
_. ,_ 0
(/} £:-I-
• .
I._(.1
I..
¢.1 4....,'
•-. e- (_
o_
i-. r'_ gl
• • •
I,..
.._
e-- s. c_
o [iN
• o
C:l--
¢-
23
Z_
t
_r
f • , In Iii
3
i
!
i
26
.;. ,..
27
28
/
2g
3O
uJ
_8
32
Q0
_.._e_
_ 33
wt
3_
Lu
L_
_q
_0
-_
elml out
m_ c_ c_
_ -. __ _-o_
35
36
Eore4 OE_
_S
S-q
r_
- 37
r-
_.E E
___
_ _ o_
_ _ °_
E-
Z
Ii1
E
N
I,t
111
E _ .
°=_
_0_
.E = "r.
x,- o
_ _'_
38
rj_
•_ _ _
_ _ _ ._ ._ _ _
r_
39
t,..
,_. 0 '_ '_ "_
v _1 •
f
u.I
"4==_
°_
,,m,q
iii
r_
1=.,
:::I
C_
=:t
linl
r._
r_
l
41
42
Illl_
C.,)c.,)
43
\
uJ
Q
0
Z
44
UJ
_g
45
(2
c
X
Z03
,C
e_
_bD
=E
Eo
i_ -_
m
0"0
0
_ 0
_ 0
e_-W
_ k
_o
46
"7 b •
tU
==
•,-a I=W
I
47
48
ua
_8
49
5O
U,I
= 0
UJ
_u_
OW
>O
0
wZ'_.
o_
_Z
f,.._
t
I
.' J%
Y :
V
51
---T
G
cq
I= m
! °+
o_
mtD
CE_0 L
E_e
ID
o_
52
iI
I
q
I
,I
- 63
5,_
• J
o_
olul
_ °_
_N
55
k0 _-'
_._0_ _._
o • .- _=
[]
__.__ N _.'_ _
•_'_'_ _'A n_ ..-,..
t,. o_ _._
_-_ _-_ ._:o
• _'o m , .._
_,_ _ _',q_ _ .1_ _3 _.
56
aJa (,_l
_8
E
lull
x
o_
olu_l ,_llUNil_ °
00,
- 57
z_
E
c_
G)
E
J_
r_
Q_
rm
oN
q_o
gnm,,q
,0
E
tn
a_
c_
,0
a_
.__
Je-.
58
• ii
ap .,ip
b •
Wp,,.
,_8
59
_0
oO
M
@
0
@
{N
X
aml
c_
oau
E
q_
G_
f.
fu
U_
UJ
f.
C_
c_
f,1
ogu
60
UJ_D
>,..
<o
(no
E
e_
;<
0
evml
l
_ _ _"'_
r_
61
t",l
ell
0
[.-,
mmm
3_
G_
3_
E
Q_
tao
olmm
IN
,a=
G)
c_
Immmm#
.0
,Cram
fu
.c
r_
62
evml
ewmq
t,',e'_,,--q
om¢
Ilnnunmq • • • •
• _ _,e'_ _"_ _'_ _'_
_ _ _-_
_._ _,,
.w,,¢
63
u_
cL
q_
l--
b_
emil
G_
G)
r_
c-
O
omll
c_
E
T,.,
q_
oau
G_
.C
qllA
G_
CD
c_
L.
c_
ogll
.c
E-
"D
64
ew_l
JJ
_Z8,,,a
_ °
65
t",l
[-.
[]
b_
o_Q_
E
q_
VJ
0
+lu
o_
.m.i
M
a_
c_
pml
W
11
J_
._
66
w,i w L + +
nnn ih,_
E
evul
eW,iq
owm(
'v"q "°
ovmq
67
ell
[-
r_
e_
[--
e_ml
e_
_.'_ _ _ _
_o_o
_._ _ _
6B
o _ _
/
D_ f
.=
_3
r._
_= _-1
-=
_U
l
w
.J
A
I.-
u
E'%
z
I-
1.,¢
d
z
m
69
ZO'
r_
tJ,i
0
f,.
E
r_
m
Q_,.e
r_
m
°_
E_
EE
[., .,-.,
7O
W• • • • • • • • • •
- 71
<ra_
<
"0
rj
e_
c.
0
bD
Qa.a
0
0
"0
r_
k
,l.a
e_
I,
0
U
_.o
u _
_ o,,_
E_
_E
72
6
-_
I_,ll
IN
l-q
l
73
r_
If=
=,1
o'
=1
l;
ra,1
.,¢
,=e
74
LU
eUq
_ r.tJ
"_ rfJ
_ r.j'j
Uf_
0 0
75
c-
C
rr"
C
X
r_
z
o'
e_
_E
m
<
76
a _
r_
c_
l
77
_o
_E_ "_
o __'_
_mmE
o_O
_ _._._. _,_.
.__ ,",._ _
z..,o_=. _..,
78
o
/
6o
o,-q _
°_ _
r_
r_
l-i
l-i
l
79
8O
_m
._
eMl
oiiI
l
83
a_
d
×
_oE
*_ GO
m
_._ k _ __.,
_._ _ •
0
_'_ 2 E _
_ -
_ 0 _._ 0_
=o E o
.= . _=-_
•__ _. "_-_=
0
•_. _,. _-_
_ =_ _ _._=
_ "-. ®_<
__ _- E
a_ _ E _._. _
= _ "_o'_®_ _.___
84
8B 0
_t
X
86
_8
'_' ,m
87
I=
og_e
_ c_ _._ *-_
_" _0
88
0 _
,wmll
r_
I
®
®
\
\
\
\
\
89
\
\
®
9O
c_C_
0 'P
olml
I-i
l-g
r,_
® I ®
\
\
\
\
\
\
®
v,,,,,l
®
91
zO'
<
g2
x
oo
0
0
LLI
_C
t_
r_
_ r./'J
®
g3
Z
Dill
E
0
r_
_3 r_
0
o_
a;
_Eo
_ L
0
_ r- 0
N_.-
e,,* _ m, ,
94
144
C,
o=
Ill
eq
_J
<
c_
U_
C)
N
C
,_==q
E-q
0
_._
I
OOoO
O0
,.-gu_
t
,_O
=ONe
O_@_
_O
_ O_
,-4
_43 _40
O_ O_
05OOO O OOOOOOOOO
OOOO OOOOOO
,-4
_,_
0_I
_O
.,-41:1
Io0
O_
O_
+_=
143
,--I
,-'I
I= O I_ _,_ _-_',-_'_ O _l,.Q.,-.0"O O
i-.I r-I ,--I I--I
O-_ =I-,.4 =10 O._ RI r,.) .,-i _1._ _1 .,-i
O-,-I O.,-I • ¢1 O.,..I RI .O"_ O._ O
95
oooo
OOOO OO
O_
_ O
O =I .I-I
_ _+_
• _0_
0 _ _0
0 _ 0 C_ 0_-_ 0
+_ 0._ _) -I-_ +_
_1 _ nO
_-,_ _ _,0
O-_ 0-,-40._ O
O-i .._ O._ O_
!,
96
w_8
Z
Z
0
ro
Z
0
rO
ol
Gf
_o000o
_00
Q)
m
0
0 _
0 ®
0 _ 0
m
0
0
g_ m_
@o_@
_ogm_
_oi_ _
_ _._ ,.c
_._ m._ m._
o_ o_
_ej cv3
Oo
0000000
0
0
•_ 0
0 0
_I_
h m h 0,-I
Ot_O_O0
I_ • I_ _ _._
0"_ 0-,-_ •
o_
0 = m
.,d 0
•,-4 0
0 O,-4
0 -,_ 0
0 0 @O-,d -_
@-,d.,d 0 @ 0 _ _
_ _ +_ +_ _ ,-_ .,_ ._ _-,
_0
c_
II
o,1
r.)
Z
0
r_
0
1"4
0
PRECEDING PAGE 97
_._ r_ ._ (_) r-- U_
.=_ O_m__ j._ e- e-. 0
___ o-- _ ...__
I *-' ,..., .=., _ r_.._
"_=o_ ___
,- _ ,_.,-- _
--._._ _ _._. :_ _._
- _. Q; : Q;
_._: _o _ __
.b. r& e'_
_,_.£ =o
_" _o
o_. o
,,,., ._ .. ,_, .,,_
f,,._.._ _..,_ _ °,,.,
o
0,.. _ _ ._
g8
• • .3
99
<0
_Q
_3
I
_Q
Z
_Q
_E
<
p,
_Q
100
101
,,,o _.° _,-
e- -_,,0.,
Q; _I _ _ _ _
_ "" _'-- _: I::::
k'O'O 0%_
_ _ ._-
o,_o ._
_o • _,"
_..- • _ "_
• 2
_= mere
•_ _
• L
•. _.- _c. r_
_ ®.- • :. 0_
I02
tto
I •
• • • •
103
o_ _,_
_ _E_
= o .E
,--' t,-
C k
_== .-E_
"" _ _-
•_ ._ .__0 Q; e"
0 E__ =_-_
0
_._b_
m e-
_ _.-_
_ _.g
°° _._E
• _ "_ =
•- &_
104
_8
w
I05
A
t
,, j
bX__ XXXXX X
_X XXXX
XX_X_ X
107
o
X

wo
om_
o
omq
om_
o
o
0
0
o_
N
o_
0
- 109
tII0
#
uJ
_8
-__
mq _ eunl J_ .4rid .A _5
c_ _..I ,_._ __ '_..' ._ j_ c_'_
__: ._..M , , ___
• • • • •
_q ome
c_ ;_ ._ ._ "" "_
o-_
• • • •
- 111
A
L
112
113
0
n-
O
X ¸_
• _ _o_ooo _o
r..,
0 Q;A _ _
•-, _ 0
i m ..b4_o m
._ _ _ _..,
_ _'
i_ _
_,,_ r_.,_ r..,. 0
•
•-_ _" _ _,
..._ o.
_.-.-= _ o_
I14
b
t
115
,ii
116
117
I18
,, __. 7.., . ..
119 0
X
w
• m •
•. -o_._.___ _
= _.- _*_ _,
_ 0 _ _
• _ +_
_ ++°___._-
__o
120
_8
121
1Z
)
122
w_
,,,8
D
E
emm
em_
eml
<
omq
em_
1
• O" • -m_
• •
e_
e_nl
l:m
eml
r_
eul
e_ml
e_ul
123
124
125
._Eo
_-o_
CJ ¢J
"4.1.C_o_
c,I
_0_
• 0
L. ,i_
12, _
._o_ .
• _._,_
_ _._
._.._ _ _
_o
• ._
..__
126
,,v_(
I.. _='
i
IZ7
E=
r_
o 3
._
== __ _'_
°_
0
L. k
O"
0 m
r_
-_=
A
128
129
o"
r-,
0
E
0
d.D
0 0
I
_ Q,I "
_.._
o_
e-
o'_
130
W_8
w
a
131
,,_
i
I=
r_
,(
_,,
132
Ill
r_
PRECEDING PAGE [;LANK NOT FILMED
- 133
I
0
L
°_
°_
°_
O,-o
m
f,m
_ O
N_
O _
k _
_,0.J
_'_
'.-- _
._ .P'_,.
o _1,1
"_._ _
_.__ _
e_
o _.e
.
134
0-mq
,_cn
f_
r_
r_
<
0
CD
cD
o
cD
0
I-,,,I
0
c_
-,vii
C.)
I-,,,q
I
0
,,w,I
,0
0
0
>,,
owl
,, I,,,q
r_
I
0
N
c_
-owl
135
_J
¢J
• ,i a
"r.'" =,_
°.q
L
k
u
u
_-_ .
3=o_2
w I _ _i._
136
_8
_._ _
A
t
,monpmn_j. q:m-_lmj
Pam_nbaHsalqu_3 IS'UO_..tppv
llaolpmnulauO aoj alqr_
137
3 _u_
o _._-_
o_
='N_
I__
_" _
e-
_ _ •
.,,. o L. ,_
_ 0 _ _
u_u_
"__
_ °_
._ __
_ _ _._-
.___ .o
• "_'_ _ 0
_o_
0,-4
138
_8
b 4
I
I
l
I
I
I
J
139
'_ Om
_-_= ="o
_'_
,,._..,_ _._a _
_ or_"
•_ _ .,_
_. _ _ _.
0
m
o
o
r_
¢.; b_O'm ._
-_ _.
__ _ __
:3 0 "'E _'-
¢,; r.,
,_ _ _ • b_
140
W.
I=
_f,J
I I
_g
Z
0
• .<
r_
141
r E
o
X
142
UJ
143
a;.c3
c_ k _._ _
o o _ a_
_ _ _.._
L,, _ L
Z _c__
•._ :_c _
='_ _ _
•_. ,.., _ _ _
°NS_e_
_._ . _
"N 0 ..
_o_.-
144
AI,,- .J E
C,)
0
0
I- 0 I---
145
Q; _.. e-.
J_
_._ ._=
m.
J_
_o
e- _-,
_._=
_._ _.'_
146
r.,¢l
/
/
±
147
6m E
<C_ o
_o_
"e-s+a_
t E'm
l,j _"4 ,_
+
148
÷q
149
0• "0
0
0
*_-* 0
_.,'0
r_
o
150
LO
0
W
>
<
(n
151
152
_ J
J
roll
(J) O
m
q
N
!
153
rr"
_r
X
• , w
154
U.I o
>Ln
|
155
156
q0
Q;
.c:
157
nn
n-
O
×
158
iii
_8
¥
,b
159
_r 160
\161
mr
o
X
162
8o.
163
E_
E..=
O ""
ca _,,
_O
t
• I
O"
=o_,.
mo.._
_ _5._
0 _'_.._.
_ _
o=o
_ _.__
0 "_
_ _ _ "_ ..=
164
+
+
IJJ
'L.
- 165
"_66
Ui
ft
Q
0
II _ _., '
r_
r_
167
i
• °o
0
168
W_8
169
N_
N
_ .o
:_ _ .__
_o
_o . = ..
_ _,,., _. _
o-_ &
.._ _ =oO
_ _o _
_. o
170
ILl
i
171
172
Wa
2
l
o_
• • •
s
173
_._'E c. 1= _.= o
__ _'- 0 _'-
_ _ '_ 0 "" ¢.) '-
•
_ b_ _ _" *_
_..i °
,,. _ _. ® "_
0,_ _*.._ ,^
,-. 0 r4 __ 0 r..,.'_ _=
174
,%1
".',
4-[
• • •
175
i. ¸,
"_76
I,Ll
>_
_ r.T.1
P-p.
177
w,
D
_7_
i
t0
179
o180
e o
- 181
_m
182"
o,
ORIGINAL PA,:_E fS
OF POOR QUALICY
X
Z
c3
I---I
il,--.I
_J
. _-_----_
r
I=¢,_
r_
L_
II!°!!
E
t.i
!83
! m ;
A f_ w,j I_ Q
t,_ ..u. _ L L., I
.,_ _ o _'_
_v * °,-i *.-4
._ "-' ._ _._
_,_ .,_ ,_, .-_ ,_ ,., _
=_°-_b_E
-._.= ,_ _
_1_ L _
._= ._= _ _
_'_'- _o
•_._ _. _-
m
184
w,_r
.<8
Qe
° o _ ._ -_.
185
• °,
ii B
186
14,/
_g
,t
o"_c_ _ _
_ c_.= _ o ._
_.,a ..,.p ,_,.I _ _-_
•_ 0 _'_ 0
c. _ _,-, E_
_ _ _ "_ _ _-.
_ _ _'_-. _
o o.-_ _ ,,._
e _
188
co
0
,uJ
t
F.TJ "m •
=o
• 1,,,,q
>. 0
c.,)
>,
o=
Fw.) (U
I,.,
f.,)
•
N
0
e_
[-
o_
0
..1
189
o190
0W
• • • • • • • •
191
'_ 0
.._
ca_
•.- _
°_
_o°
0 o
® _.._
°L
0 _._ O_ 0
_0.
_ ..-,N
_ __
,e
°
192
e.
U,I
193
I,-
Z
I,LI
I,LI
,,,,=1
W
I--
0
0
==j
I F
194
I,Ll
I--
0
(D
n-
O
t-
o
Ill
m
Ilmlll
IIm
s_
m
m
0
r_
tJD
CO
¢D
c_
0
E
(1)
.Q
r_
:3
t_
L-
l--
CO
CO
0
c_
E
(1)
t_
(/)
.Q
:3
>,
s_
i--
lira
m
iim
Z3
_r
cO
cO
E
(1)
.Q
0
mm
(1)
E
LJ
C
m
CO
c_
E
t_
.Q
:3
r_
C
0
iim
am
r_
x
LU
o_
(o
0
_0
m
0
I-
E
m
c_
rn e_ c_
If)
195
Z
0
D
Z
0
"" _ hID
0 ¢;
•_ "t-
• 0
..C _J
E.6 E
e.i
C_"O
0 _,_, t-
in _
"" E _
_E
_ i_._ *'_
i_ e'.
_'_
°..._ m.
t- 0
I
0 _-.
_ L
;4 e-,
_ 0
c-
ede
0 "_
._B_
196
w_
0
0
_0
om_
om_
197
. -, .
I J •
Z
0
198
8omq
o_
0
om_
o
• • •
!
o_
o_
om_
199
JZ
0
P
<
Z
I
0
200
00
>
,,(
I.
t
201
4 w
,,J
,..I
z
w
-r"
F-
202
QD
I
I
Z
O
I-
ro
LU
U'J
"O
:3
¢n
i1
u_
i
C
O
i=m
E
e,.
>,
¢_
t-
G)
¢-
O
L.
¢i
¢n
h-
i
O)
C
,.,J
PRECEDING PAGE BLANK NOT FILMED
203
ir
z
_J
ao
I--
14.
.--I
>-
_J
_.4
z
C)
l--
z
lm
z
(.0
(,n
.-r"
I-,
204
qfe
@
o °
/
I
/
!
I
0
PRI_CEDING PAGE" [_LANK NOT FILMED
2O5
m T
Z
>-
J
m
W
_o
f.o
<Z
W
J
n',
<Z
W
T
Z
Z
3[ •
O--
1-60
W
WZ
#Cb_
<[b_
C_Im
W00
GO
_W
WI--
DX
<[b.
69Z
C0W
W_--
Z_
b--Ld
_--X
(hW
206
o--I
0 0 0 0 0 0
207
W_Zm
<I
W
m,
..J
.3
0
"re,-
I-0
0_
-W
W OC
n¢
n-"
WC_
<EW
)- ILl
I
C_
WZ
_Z
O
Ld
W_
_rn
LL_
-J
_0
TI
f.O
X
I
N
W
cn
e,-
0
W
T
Z
C_
W
O0
bJ
O)
O)
<I
W
O0
0
n_
0
OC
O0
W
T
_X_._
X _: .--.
X
_,I t)
I I I
I I I
X_N
208
II
• i
.oo
°o1"
f
°
ORIG!NAL PACE _;.
OF POOR QUALiiFY
209
_•, °, °,
DW_W
O= _
mZ
_X_Z
w_
OWOJ_
_Z_
owm
_w_
_J_w
_ZW_
_ow
Z_
ZZ_O_
_W_D
_W_
_Z Z
_W_
_0_
O-_Z
W_WOW
210
%>.
C/)
crJ
LU
>.
C/)
C_
_.D
0
LU
I--
>-
_.!
I-
0
I--
C_
I,..
¢.D
0
1'-
LU
..J
I-
I-
-I-
C_
'1"
CO
rr
I--
211
¢0
¢.D
0
or)
ILl
_C
=E
D.
I--
OD
f.O
0
IR,
ILl
n"
I-
O
n"
I--
Cn
4212
J.c:
m
.o o o o
213
09
Z
0
I--q
rV
W
bJ
_C
O-
Z
iO
Z
0
P--4
l--
iV
i.O
bu
Z
0
_J
bL
° G
ZM
om
,--,_
L_
WO'I
JI
01--
U
Z
I--
W_
._IW
n N
0,1"
-r_
214
215
m,"
<E
I
0
t--
Z
0
Z
hi
0
tO
tO)
ll.!
tO
)-
..1
<Z
Z
.J
a
0
I.Ll
I
b_
0
r_
<Z
Z
216
• °
U)
LU
C3
0
:S
Z
0
mm
I.-
,,:t:
rr
rn
mm
>,
(,D
0
Z
CO
ml
U)
>-
m
U.
0
rr.
UJ
rn
=S
Z
0
mB
I--
Z
UJ
=S
2:
(J
n-
I.U
i-ra
m
rr
0
U.I
>.
U)
0
C_
IJ.I
D I-
ra Z
I- =3
z 0
__.
0
:sLu(/)
LU
C3 m
ram=,
¢n i.u
LU rr
n," :_
I.- X
i
X u-
u. I--
>. Z
,.j ILl
m:S
:s[-
ILl ILl
U) 13.
(n X
'<UJ
I"
0
I--
ram.
0
Z
l-
i
DS
¢/)
n-
l--
m
=,=I
m
I-
0
Z
1J,I
IZI
.J
Z
0
m
Z
0
IZ:
l.U
C3
Z
0
,=J
81
I--
0
rr
ILl
IZI
:S
LU
:S
0
217
• .: . .
• . o
J
Z
0
C5
Z
£
W
l-
l--
ni
0
n,,
w
(.o
Z
o
._i
.J
<I
c_
o_
>-
I.-
09.
o
:]c
o_
w
(.5
b.
tO
I
I--
218
It.
X
219
GX
Z
W
W
0-
X
W
W
0
Z
0
Z
0
W
Z
Z
0
W
I
6-
Z
0
I
W
I
F-
220
Nv)
q_D
Ld
eo
°°
°
X
221
Xb.
>-
._J
m
W
(._
(.m')
<£
W
I
0
b..
Z
0
Z
0
(_)
W
7"
Z
0
(Gf
W
-r
0
I
(.0
W
em4
m.
I
222
.
-
_.'°
X
223
>-
..J
bJ
(3)
W
b.
0
0
W
"Jr-
r_
0
b.
Z
0
Z
0
(J
W
Z
Z
0
0
kO
W
I
_0
Z
0
I
tO
W
h e_"
m_
"X
I..- t.
224
!
TN
N
k., r,,_
9_L'L
Q,mq t,_
a.
zz
o_
I,-0--
o (:_ u,'}
|
....:.
X
225
226
ma z o
n- o _ _ •
227
W
F-
_- w_
b,W
0_!.- Z
<_ WW
Ww -rD
I--£9 W
ZO'J _LL
O_-q
ZU
00_ 0<[
hIW ,-,_
Z_ I--_
O_ OF-
_Z _-_
F-w Z
0rjo _W
OW _T
(1. r," Jl'-
I._ 0
W COf__
,',," j m z
W:_ _
>-<[_ l-W
_.ZW <[_"
,_" I- w
_-F-_ r,'Z
O00O (DO
>- W r,"
_--(O WI--
,--40 O0
J.Jw ZW
•-_ T Wb_
I--W I-- _--b.
DI _W
F_ ,,s
w _ CLO_
"rzw ><W
I.-- 0 Z w_
<[
Zl.-_ _W
b.Jr,.)W >-n,"
I..LJ I--W
I--W0- _>
_W
"z Zl_
"_ - O0
011.>- _Z
I_W ImmW
_I _T
WW 0
.JT z r,_:_
m_ W Z
<[ 3c _<[
w -r0)
3OWl ZO
I-" Z I- .-_-
228
omm
m
U) )"
LU
z
(/)
>.
•"J u)
Z < _
W 11:
, I."
__1 m 8
I
if)
I--
0
!
I
N
0
N
_e
0
O
o
0
ii
N
_e
0
N
_e
0
0
Z
m
D
Z
Ill
m
229
le
,6
N
0
0
N
Z
ID
e'}
_e
N
0
N
Z
0
0
I.-
I.-
_r
I-
ra
m
It-
0
0
I--
I-
Z
W
Z
L)
{C
E
(/)
I&l
r_
WW_
ZZW_
_W W
WJ_ X
DO Z "_
_I _Z
_i_ WW
Z_N wo
_OW O_
OJ 0
_m_ ZW
_-_Z _
W _ Z
W_ W_
_Z _0
_ LOtO
_WWW _Z
W_ I_ _
Z W_ _
_Z--WI _
w_ ZW
_Z_ 0 _
W_&_ ZZ
_W_ Z
Z wIW O_
_00 _
_Z_
_W Z_ WO
0_ _
_ZZD_ "_
_Z_ oZ_
b.w_
emoah h_{
230
°W
Z
LI.
IJ.
i
W
X
m
!-
<
!-
I-
<
C
mm
X
|m
C
E
im
X
|
>
|
>,
C
0"
LL
O'J
C
Bm
C
>,
c
.-i
I-
LL
c
im
'D
c
m
I--
Q
c
m
0
_t
i
i
n l
m I
/
<ZH> AouanbaJ:i Buipuag is_
I
A
II
i
o
II
z
X
_L
I::
om
X
uJ
231
232
(/)
Or)
LU
Z
I,i.
U1
1
LU
n-
1Ill.
h-
Z
UJ
=E
1
OC
W
0..
X
LU
Ch
Z
>.
O0
UJ
0')
CO
_ N
D_j_
u.I-E N
i=o
I.U L X
,q,
0
o
o
0
233
In
0
In
In
0
I-
Z
W
W
_L
X
W
F-m
<[
Y-F-
co
wI
L)
wZ
Z
OZ
L) w
ILl,--,
D
_W
D_
_n.W
.-I
Wm
<[f-
O_
WO
QOW
00_
WW
IW
la
W
W_
OX
Z'-'
Wla
D
O>-
W-J
W
D
_Z
Z_
W
-'r
<E
(f)
X(_
WW
r_
-J.J
OZ
b-
T<_
l-m
w_m
_w
(.37
_Z
)-
rod
w
i---
b| ,-,
T)
I--
W_
ZJ
_rn
_W
Xm
W
W-,
N)-
Z
OI-
l-e"¢ .-, :;
o2 I.i. 0
_ W I.--
,--,T_
h _.- e,,
Z D
O_Z
XZO
234
• . •
.:°
I
t_
Z
I_X--_ N N
N N _1_ _1"
3:: 3:
W
n,,
X
m
I-- _. ,..
Z =
NN N X: N
N N N
_" X: _"
•.: c5
i
0 _ z a z
z o z o
I--
¢_ o w o w o
5 m t- m t-
I.I.. 0- t- 0- _.
O ¢o c/_ ¢o ¢,o
,g_ ql_ ql_
n
0
CO
L.
235
¢/}
>,.
I-
f_
>,.
o o
oO
O WZ
W _(-)
Z O_>-
OW Z_'_
_I"I" ,-4bJ _
I-- F-_
_WZ
b_ WS--_
o_O I-<[0
W _.-, t._. rn
TO'j rn_
I-Z o: O- I-
,-,0 0 Z
I.d,-, _lid
mr," m--Db-
ID F-b-
(-_U W b_
Z - ZJ
WO_-- <I<_
D-_>- >- --3l--
OI--J _t-- <_
w Z rr' 0 ,"_
0_ wo
hl Wv_
_W "I" 0")
J I:¢ i- w
_IZD -_-
_" 0 !--- _Z
D_r'X OOb_
_C b- b-l--
Z "" ,--_ (_
WI-- _ r', t--
W_Z bJZW
I- _" _- 0(.)
W_ _- J
Z_'_ W>-_
W _nK
bJO. _CW
W_k O_C_
_WW <_ZW
Z-_ _D_
0 <[ I-- W 0
-'- rn C._ _'x_
WOI _-Wb.
I(DI-- W_
_-_-_ .-_W
(_)___v w C_ r,"
-rOod
O_w l-- _- W
T _J b.
W _- _W
mZ(.O _-; 13r.i{WD "1-_
I-I-O OOr,"
_n"W I-
T _ ZOW
Z
0
r_
Z
0
236
__= o.= _. =
I •
,,=,!0
Z
0
1
I-.
0
1
u.
Z
0
0
I.-
0
I--
Z
1
_E
0
_.L
_u
u_
0
u_
p-
Z
_u
0
&u
237
Z
0 I
0
0 °J
_D Z
JO_
D _ Z
_W_
Z
W_W W
_Wl Z
WZ W
wZ_
X
m_ w
_ w
XIo
w_Z Z
Z _
w_w H -
_ZD _Z
O_ _0
Z_D _
_ _W
_Z_ _
_ Z _
Z_Z w_
_ _Z
ZZ_ H_
_H XZ
_WZ _
D_ WE
WJ
_W _X
WZ_ _W
238
(.1
..I
" D.
!-
0
LL mL ,,L mL
_J .I ---I
..J
(/) X _ _ ,,..
UJ +
n,,
l,IJ z
L) "
"- _ IJI. -J "
%(/) >- ,. = --
--I u_ ',L
>" < n. = =
•"J IX) ,,, _ -J --'
< n: F- ,, ,,
'_ _'x+
0
mmI--
I-
U)
m
1.1.
-- I= _,
_) _ -J ..
,,L
U. m U_ U_
_.; --J m m
- q "J -J
@')
X _I" I: ,i-
4-
:E
lJJ ul
01=
lJ__
I::i::
,,,"-_
own.
_u.o
239
W
"It"
I-
I.L
0 Or,./)
_-_
>- I
_-_ _-F-
'-_I- CO
-J_ _Z
_Z 3[,-,
(DILl
_-q_J Or_
X TW
-JW
LI-- tO
I-- (..._ JO
W_ _
"" I-- <[W
(D ,.._ I
Ol--
WO I-"
TI--- T
I"- --.I I---
)- 2:),--,
F--J b..-z(-)ILl W
WJ COW
b_(O
W WI--
n"W mO
wr', >.mn"
...I _I--"
rn 0") _.0
I-- WU)
f.O .J ,...,
-r_-
F- U_
_0 OJ
Zb- Z>O
_<[ WO
-r .._j 8_
0)(.9 t_-
W _-_
_b.. _W
_Z F--r
JO I-
(0 ZW
W>- _"
m (.t)8..¢",
I_ 7-01--
240
241
W
-U
w_
W_o
u
WW_
I
Z_
W=O
OW
Ow_
ZO_
Z
_ZO
Z_o
_Z
Z
WWW_
W
_J_W
Z--W_
6
w _ _
W _ o Z
_o Z_ H
OWO Z _
w_ _ _
Z_ ZD W
_ W o_ Z
w' (0 _w
0_ Z Z {_ D
_ _ Z _ W
_WO _ _ DO
Z_ _ _ O_ -,
_ D W
ZW_ _ D OZ
_ Z X _
ZO u _ _
Z_D._ _ _ Z
_0 _ W
OI_Z _ Z _
_ D 0 W _0
WW Z W _ _
I_W_ _ _ _ 0
_¢00 D X w_
W O0 _ _ w
O_W _ OZ ._
__ _ W g_
Zq • (0 qw_ _..j
o_om. WZ_ I_
_Z_ _ _ _O_ _Z
_0 _ 0 Z wJ_ O_
ZOJD Z _ [0 0%
_0 _ _ OZI
Z_W_ _ D _ _X
_ Z_J o _WW O_
0 J j _ _
0 _ _W WD
_ O_Z _
242
1<
2
,<
LU
Z
C
12.
LIJ
n-
1
O
l
Is==
lll
..Q Q.ll
l
m
<
1
.,.,<
<O
im
_-._
Or_
14=
e= om._
LUL-
Z
= m _ 0
I_ CO II
(/) c (3
nm0 o
o
:3 >, rr
•-- (_ 0
I-- _- _ '--
>, I-- C _3l-= O
m _, Q. ,.-
rn ".= E
O O O O
m0Ol-
.4Z
13.
e=.
D
G)
sl._.
O
14=
O
oE
O<
e=._,
--<
<c:
_O el
,,I,=#
I.--
O. __
(D
.4Z
n
O
:3
O
s._.
O
14.
O
243
Z
M
W
rv
iO
Z
0
M
i-
ZLd
h _3
(.9
Zb-
CJO
rv-_
Or-
(9
WZ
"r.-,
0
W.J
_" j
WO
Tb_
Z
W
WI
CO_-
OZ
O
W
F-Z
ev
OW
b..J
m
W_
tO
ZOO
0.--.
W
tvZ
k-4
W
F-Z
_W
Oo_
t5
>-
_W
W_
l-
_W
tO
La_
-1--I"
i-O-
244
4J _ I',,.. e.-o _ g,,,,. _D
r'_c • _ _" • • •
:J,_ ..,J _#') i,..4 _ ,,,.,.o e,,..o |
o4.,_
U e-
u')
_'uJ
(_sw U") out • o • •
*YLkl U')
(..1
z + •E " =; G :;
_D
|
d
I
f _
!
t"
.e
_Z _ _ _ _Z _ _
Z
N
N
P"I--
..J
245
- .- • .
0
Z
D
0
W
b.
246
N
fa_ Z
_ L_
e_ 0--.
_- I:C
• -- + I---
ImJ
:_ C_ LLJ
O--
fJ
Z
Q.
I
V) o-e
a.
c
tN
E
0
0
o
0
E
z
LaJ
m
i--
4 I
__L_ N.m _- 4"Im-$=mlmm
ORIGINAL PACE :3
OF POOR QUALITY
v
/ Jl
i 4 4.
N
247
iT
-r
w
w
i-
o
w
z
j-
bJ
,v.
w
Z
>-
w
T
Z
Z
O
O_
W
Z
O
-J
W
I
Im
Z
(._
q;-,'
O_
..I (._
..Ih
I-"
W
248
,°
ORIGIIVAL PR,C.Z :3
OF POOR QUALITY
N
249
WZ
Z3_
OO
0-,j
t--J
OO
Zb-
:3
h W
"1-
z
_-Z
W
Ill
F'-J
m
W4$
W
"r69
I
C0
{Z
WZ
TW
z," f._
O
h W
e'J_
W
_0W
Z(e
O<I
Q.-r
(.Or:
W
O
i,I
>-W
_W
Wf-_
l-W
f.0C_
WO
T_
W
C)
M
O
3[
I--
250
(
.o
= ¥
4Jt-- C
4._
],< ...J U')
Owl 11" '.n _0 t'_ =0 GD
o o ! ! I ! ! |
.Y
• • • • • • •
..liLt
_'t" •
O. _._4J UD Owl t_
" . .
...I t._J '_
U"_ ,_,.o _ .O-,_
4" • 1"_,_
,, ]
9--'8 _ _ _ _ _ r-,,, N
=,-- _ _,.=-, _ == _ ,=:., ,.=,= _=... _.,,
e_
z
#==1
¢%1_"
¢_ I,=-
251
WT
Or_
b.W
Q_M
_-X
W
b-W
(_)
W_
_0
0
_W
W_
Z
WO
-J
i,IW
f-)I
W_
_W
_Z
W "
WT
"I'D.
b-
OF-
W_
_W
(._
W
o
0
b.
W
T
Z
W
-I"
r_
Z
T
)-
.J
W
(_)
W
b.
b.
W
W
0
W
0
Z
0
0
252
¥E
u')
0
0
¢D
c)
i I I I !
253
.- . "* o. o
o
GO
r_O
W
tJ
0
b.
W
-r
0
bL
CO
0
..J
Z
0
W
{_9
Z
CJ
W
k-
tO
>-
C_
W
CO
W
(j_ "r
Xa-
0
"ru.
(.00
UlI-
_Q
I.LW
W
me,"
•"r" l,i
254
d I I I I I
?
ill
{D
ID
0
w
.iJ
D
IJ.
lill
e--
C=
e.-
iiq
255
256
°
A% .--, %
9'4
X
X
e- u') e-
• 0
0
X
_ _._I
X _==*c'%1e:l- _ X
_¢ e1,.e_' OO ,=J-J
C_J c") q" * --J ..J .=1 _,J _,j ,=.4
_J .,J .=J u_ II e--4 ¢_,J *
e=.*(%l IT t._. &.L.U. LL :_ "_
3 I-- _ IJ.l e_
r-_ .J _ I-- I--
_ LL
oo
°° _
_ _ °°
Z
Z
I--
w
w
X
W
Z
H
--J
Z
r...q
Z
O--4
IJ.
r.3
IJ.l
Z
f.3
L_
Z
1.1.
I--"
LI3
I--
X
IJ.
I-"
Z
H
I-"
f--q
Z
-.I
Og
i-"
t'--
:3=
V').
r_
I'--
0
CO
257
b.
tO
P'4
T
@-
Z
0
Z
0
T
O'J
W
to
7_
0
0
0
.J
W
f.O
0
)-
O_
Z
W
Z
W
ILl
I
258
II.
m
m
D_
i,= i,_
2S9
0
N
I,--
0
__1
I,--
|
m_
-. . o °
• .° ° •
Z
0
W
WO
Z W
_W
mW_
WIOX
_WW_
IIZ
0
WO_
WO_
_WW
_JO
_WZ
ZWZO
_Z_
Z_
O_O
_Zo
_WD
_00
_ZO_
O
OZI_
_ Z
w_-_
WZ_O
_O0_
\
W
r_
260
C_ Cr--
I
_J
Z
a..
l..id
f.D
Z
Id.
a.
_D
0O
4_._ 4_._
t-'- r.- Ca---
-_L r_l.O fr) Un
..I
--J
A
Ii- Ii..
W
_w
r_ r_
X_
W_
o_
Z •
_-o_
F.- _-0 LnJ
261
"_..o . .
.
:Ell
_-Z
M
Z
W
ZO_
O_
Lg_
b_ °
Zc)
0
0
>-
_Cg
mZ
Z
W_
F-
J
Or',
I.(3
C_
O_
-JI
_J
XO
_Z
Z
0
W_
Z_
Q,--,
.ILl.
ZZ_-
i.i
262
mi
V
,o °"
•.,ll_tW IK_...,MIr..J II_.O_I.IIAII_ _ I1_ e..,,
263
iO
T
Z
-J
fn m
•-, <_0
I O-J
I-- -J
CO
Z _Z
rn_j
264
C_" CF--
I
a.
W
a.
LU
r_
Z
L6
r_
a.
LL
X
r'r-- Cr--
t_
cP-- r-_
wv'J
or'_
5"_.1
I.i.J t, n
.--IV')
u')c_
Z
,:C¢)
5"_.1
tq
v)
C_J
- I_1{')
u}
_P
C_
•
,,._
I--,,.o,-o I.,o.I
,_[: I"-' ..I
I"" '_ _
_ a_: I'"
_::: L,_ _
.,.J :2::
. nLo (/')
$
265
• . • .
f.J
I-
W
-'I-
l-
Z
Z
O
l--
h
Z
0
)-
m
W
"1"
0
b_
a
0_
_.J_
Xm
T
ZI"-
0
W
ZZ
"l-
l---m
z
I,-,I
tO
Z_
CW
,.y._
I---_
W
WZ
T_
266
9o..
267
OW
OW
z'r
bJO
C_F-
WI-
A,'<I
bLv
Z
O
_ W
OW_
Z_w
Z _m
0 Z
X_
_O
O
_Z
_Z
Z_
OOW
0 _
--_0
Z
ZZO
WO0_
W_
ZZ_
_OZ_0_0
_W_
_WZ_
_O_Z_
Z_ _
ZO_
_0
_Z_
_ZW
OZ _
_W_W
_Z_Z_
268
o0
0 0 0
269
z.-J
IJ.
w
,.J
>-
..I
.-4
Z
z
Z
U.l
I--
270
>,,
"O
emm
f_
>,
mmm
¢1
c-
t_.
m
m mmm
•=- I.I.
Z
0
m
0 -C
W _
if) o
0
(1)
Ilc
m
0
e-
.J
PRECEDING PAGE _-'I..ANK NOT FIL_ED
27"1
Z
_C
.-I
F--
L._
..-i
.--J
.-J
_C
I--
Z
L_
I--
Z
U.J
t=C
a.
i-.4
-r
I--
2i2
.,.I
IZ
n."
I--
ILl
C_
O
(D
m
LLI
ILl
I.I.
273
PRECEDING PAGE I_LANK NOT FILMED
09
274
Z Z
o o _u
275
276
I,,
+,,
>. __
II ,,-_= ._ ._ -= >=
s_ II _ o "
II ,,,_ 3= == ._ _. .=, ,,=
" II _m = >
,i ='+ < _ "=' ==: _ +.
<>. _ ,.,- ==-+, _,.,.i II ,,.,< ,.,. +<
,,, II ,,=, =, 0.,,=,) m ,,,o° _ ,,=, _ p=
co: II <m == = ,=., _ ,=I _+o °
m ,9 m _+ _ == m+ + -==..=. +o_=_+.,,.=-++
=8II o<0. < < _.m
° °>-+, ++++. + +,
= ,, __+ ++ _, ,,=+ +,,=, o +m oo II +<+ _-=+= +--- +
,- mm =+,-==+o +==o II =_+ _. m_ _ "_ _ = .=,
o_, E>. ,
=- II =-= -- ===m,,=, + m= =<o II ;.,=.,=o <
<E ,,";, =__ ,_ = < ,_,,=,,,o,,+tl++ + ,. + ._+o,<+o_< >=<_=-=== <=m ,,=,=
_,- .= _=o+ _, = +--
.. ,, __=-=_ ___-o._ _, .+,,=,_=_=- II --- "+' <o ==, + >= ..< o
o im .,o <_ <_ ,, ,,, ,.=,
___11 _.°= _=_ -='_
_i;.' _,, • •
277 ...........
c: _ "_
0 ,.0 .__ Cc
0 -." >' u)
a) o._ c
_E
_,_ ._l.
_o_
a) E_ ,
.e_.c: o "t_ o
0
o N_
_ _o'_ ._
•_ _ ou.
_) N _ (0_
_'_ _,
•- _< _
c_m o
_ s_ 09
gge oe
elm Om
278
O
m
a.
O
p.
p.
D:
O
n
w
r_
m
Z
Z
O
12.
O
O
LUa.
111
m
H!
iv-
111
O
Z
O
O
!!1
Z
m
..I
LU
El
D
n-
111
!11
=!
O
CO
Z
!11
(/)
(/)
iii
(/)
(/)
.<
Z
O
m
13.
O
m
.<
0
LU
_)
El.
U)
0 0 0
279
280
(.0(.0 i._ ,_1. _ _, ) _ •
I.IJIJ.I 0 o,I ,- _--
0 011 _+
o <1:11
x • 0 I,l.li.IJ 0 (_1 _ _ _ i
I-" x / "-"
=_'II _-m ,,.
V
"_- x _., N >. N N '< v.
u
F> I I _, . _--, ,
" ! "'._' -,"_;-_3_,
• ,.7._./ _<:.'.>.,,
_.. _.
;'81
o
m(/)
Z
111
r_
0
E
uJ
-r
a.(/)
0
=i
f,-
O)'IO
.E: E
•_-, (/) (_)
O_ (II "E}
oOEI 0
--- -d O)
.E:
_.a. E
0
_ E(/) 3
_ _ ._E
W 0 x
7o o._
_'_ co ._
u. c- Lo _
o.'o _ E
_::_ O) I--- >
CEZ-=
,_, N E _
v _
_ .__ .,- _
e.. 0) e-
o b'_
_o_
•- _ 0 "
(/)(/)'10 0
_-0 O) 0
=_.o
_-8_ O.
C_O) x
E _,0)
.0 _- .0
41
282
Z z Z
"___
/_,'lt I/ g
0 _11 _ a _, "
_11 ° _ s _
:" > II • z_ ,:
v, IILII (Iillll- =11 o _
==:,,.,:o 11111'ix  ILI. ="o-,ll _" _- _
°:" ' = 'Ill °:-_ll o ,-, == _.D
• =II ,. o_ Sv,,p I_ ,,o_II =
" I! _ =. \s
II " " £
ill,,..,,,. - /,,7, _ Etu/B_l --A.LISN3Q 31_I3HdSOW.L¥
'._ _: _',--',C '¢:
I_! .:']k.L',' • W ,
283
u)
284
II Im _, I.-I >" >" >"
m I!, I_m__..I ==8==_.''''==_=
_11 I"' _. __.1 ',-> > >
O -_- _ _+_
(/)LUll. I ,-I -
" LI+il
u.m
<<<
I- < _ _ _ r-.,-r--
. _ _._ ,,,,,.,,,o o
+0III +1""
,_._,._,."" I I _ ll=z=__ 1
,,.__ I ,,,I
r-_8oo o ==
285
• e-
286
e-
F=
LI=I
IJ=
m
_J
I--
o=
0
• t
• • .° oo
°'1. 2" _.z.._ _'.
_/_:" "_.. :-,,, .
I I I I
287
i
O
O
O
mI--A
001.U
==I
,,=:_
u._:
O_
z,_
op
I- Z(J--
Z=E
14=
O
>.
tO
14.1
l-
eD
n-
O
288
-1
*rE.
°_
°_
R
Q
O
v
e_
I.I
IJ
U
o_
O
O
of_i
4-J
IJ
14--
U
1.
O
°°
LD
!
W
!
_t
W
Q.
_d
L.
r
0
dJ
o
O
Q.
o,
_.n
%,
°...
i i ! i /i i i !
/
P
I
/'
G
II
m
G
n4
!
I-
_c
p
,=
I I I I , _1
I II I IOI"
=; _ ,-
_ m
289
I--
Z
14,1
(J
EL
14=
W
O
O
(J
r-_
_w
.-4=3
=.I
,¢__.
0_
o_p
I-- zO--
Z_
IL
W
a
111
n-
O
o_O_ o
c--U3 O
09 ""¢/3 ¢n(D O9
-o_2
_ I= ...
'-_ _ W
00-13
"e_
'-_×
o'_o
°_ _
•_'._ _
°_ _
_'0"0
e-l- e-
e- e-
o_
_mm_
(,_ 0 "13
a_ a) e-88 o¢J
290
+e_
E
M
0
U
U
r_
0
(-
0
SJ
C
U
"0
5.
0
' / r/_ I
! t !
J-C _0_. _:.Jt..,- t_:t"
m
t"
,i
O
@
_0
I
J-
mC
m
m
m
J--
i,d
a,.|O _"
xl *'J
291
e29?-
j ....
i.I
ORIG|_AL PAGE IS
OF POOR QUAUTY
293
294
J295
0
N0
296
OR!G!NAL PACE f3
OF POOR QUALITY
o
O
Ell-
I-"(nO
z_
O
i/'
¢4i '
¢/i
u.l_
-I_ .
¢¢1-'_
I-I'- """
I -I -¢II
• "2
i! =
_LU
UJ(#)
I--Z
_0
11:13.
I--U1
1/) ill
ZE
Oj
ILl z
OZ
Z-r
9o
=i0
D.
i-
0J
u.O
a3
LUlll
-Jl:l:
El
0:0 _ _
m
(1)U. _ >"o_w
IJJ u.>
(3 .,. z ;_
7." .;"" 0
.T_."'..._/_ (J uJ
,:-;..:....:-._.: ",
/ " "_' "":_-L:, " "'
Lj
i
?
D
_=
297
i
i
i
I
i
i
i
i,
i
CO
Z
0
n"
ILl
m
Z
0
0
W
0
0
..J
U.
l,I
ILl
o-
U.
"10
0
E
.o
0
>
0
.c:
"I0
c
0
co
c
0
0
x: 0
E o
_D
_D 0
• 0
E=
0
0
X3 __
_0 0
0
.c:_-
c- o
0 _-
_o
.0_ 0
=E
oE
o 0
Lo
0
h-_-
298
299
(3
300
I-
O
0
X
O
(n
m
1-
14=
(.3
ILl(3
14.1
>-
==I
14.
14.1
14J
14,.
14,1
Z
m
_E
W
1-
14,1
301 .........
>,
=>,
0
E
I_ _o
0,_-(3 .CO
n- _2
m
(3 a)_
o) o
Z "o'_
0 :_
=_ ..Q
I-- .,-,nOC
IZ_ _ C
_2
m
IJ= _ O)
(11
0 __-
t_
E3
0,_-
o
0 O
O_-
c
c_
•-- O
I---C
0
0
302
i- 00
0
m
F-
C/)
m
inn
0
<
n"
-T-
O
Z
0
IT"
i,
Z
0
F-
0
.I
_ n
0
_ u.I -1 "J II
i!
_-:.__'_ _ o o o
_./ o_ . _ •
Z
'-,,,, _ o-_
-J0.
w
N
0
W
Z
0
...J
>.
F-
o
I.I.I _ v ..I
"=' 0
I,_ _ _. II
II II I-.-
-=.
I-- I--
O
f
303
304
.¢.
i
.._.._,|
b,J'_i\,b,._
"t-"
i
305
mI--
I"-Z
'_0
I- o
l.U
I.I.
X
0
U.I
0
IL
Z
306
iI--
z_
_>..
1.1..I_
_ I..I,!
01--
:2::_
i
307
Z
0
m
(9
m
ZLL
OZ
LI.I
308
=It:
Z
0
m
Z
0
m
I--
R
M.
Z
_- 0
0
uJ
Q: n-
O _"
>
>
309 ......
m}-..
Z
W
m
OC
0
0
=E
p-
m
B
rr
i1_
Z
0
OC
W
W
=E
0
'1"
Z
0
Z
W
m
_0
Z
Z
J
31 0
0
m
I-.-
I.-
O_-
_w
a
z
LU
n,
mQ
• <
Z
@
T
Z
311
312
(n
rr
LU
0
,.J
>.
n_
_'_._,,.r_-
V _
oo :, _ i; • •
,-g
313
3"/4
315
316
r ° °.
m m
U) (/)Z Z
° °i , _i ii
I I
m II e
II (_-----PN I _"
I °II _=_ =," .°,
°11 - -E o o O o
°" Ii, ,
• ,_." Ir " _
317
318
÷ * 0
4- $ 0 I I I
I I I
x Ii,- 114 o _"
_I /'F I I/, o._ _l'_l .jto
?- _. o "o .... o,., o
($WN) 03U WOW 9NV (930) 3"IgNV u31n3
÷ * 0 41- $ 0
I I I I I I
ol _ "-! J ""G
-J_ l | i o _ i[
_I' _ I _ _, __ , v
II1 o ILl
! .._. oo_I )'I
_ o _ _ _ _ _ "4 _
I I I
(WN3_OIX)_nouoz_OUXNOO (WN I_OIX) _nou01 cvu9 ^vu9
319
I.--
I-..-
-.J
i--
i---
W
I"-
i
I.--
Z
C)
Id-
(SWN) DBH WOW 9NV (930) $379NV _37n3
0
o
0
u
+" ° :7 ?
• i I I
X _" I_I
× >" _ _
V _
o..J
/
o
i I I
.o
I I I
(WN z.OIX) Bno_oi 70BIN03 (WN I_OIX) _n0B0z _v_D AViD
320
f./')
).,.
.,==:
I---
),,,,.
l,,,-
....J
l--
l..l.J
I,-.
l,.l,J
=F_,:
I
C:)
¢:0
,,-1-
Z
C)
l.l,J
I.i.I
ii
+ I 0
__ .
_Lt I .._ _; oo.. _-
_.[ ,_
(SWN) 0aa wow ONV
+ II 0
-I I I
x >- 114 o
IIL:_ jt._ ,--1.-;--,.... ,-_._
IJ><.. = I o=
;( I,,.I I_>'- !
I I I T e._l
(wN__OIX)ano_ozqo_Noo
321
>-.
I,--
>-
i-=
._I
i-=
,.,,.,.
ILl
I---
U.I
!
I---
Z
W
==
•4" $ 0
I ! !
X )" I_I
$
÷ ! 0
_ -i- -r
g _
f_ _ _
v
, ,"_ 0
O ' 0
o ° o _ _ _ :,.• . ,:; ,_ ,,; • . .
,, ?
(SWN) 03U WOW 9NV (93(I) S379NV U37PI3
$ 0 ÷ $ 0
I I I I l
>., 11,4 X >- _
L ,,,
g_'l " =
(.9
• • ,..4 0 ..... , • - • I_
I I i I I I
(WN __OIX) _nouo_ nOU±NOD (WNI_OIX)Bno_ozavu9^vu9
322
lip
4- | 0
I
X >- 114 O. I,-" 0.. •
....... .... _ |' " 1,,i. 2,-- _-I ,:_
>-
(SWN) 03_I WON 9NV (93(I) S3"IDNV _137F13i--"
J
N
W
I--
I
8
I"-
U.I
0
..I
0
I--
Z
0
U
4- S 0 4- • 0
I I I I I I
X >" I_1 X >- I_1
/
/
\
0
0
0
_D
0
OP'_
UJ
C_
v
O.J
O0
('_7-
I--
,"_O
o
o ffl
I !
w
0
0
I.-
I--
Z
U,.I
er"
N
• •
m 0
_D
f/
. • , • 0 , •
!
0
0
0
U
U.I
¢/)
UJ
0
(WN __OIX) 3n0_01 70_1N03
(WN) 3N0_01 _9 AV_9
323
,.i
.J
,,J
Z
0
l--
i.l
Z
w
F-
324
F-
I--
l.l.J
ILl
I
.-,r-
l--
Z
C_
Z
l.i.l
n,-
Z
(SWN) 038 WOW 9NV (_3Q) S379NV _37Q3
z
I--
o
! I
(WN __OIX) 3flOU01 70_1N03 (WN) 3n0_01 _V_9 'AV_9
F_ECE'DING PAGE BLANK NOT FILMED
325
j_
J
326
J
° .. - ...
^
'_" I--"
_ ( 0 =
i"_ 0
,_ • * | • * S. | • s •
. _ o. '::'.". +, o
e-,. t-I e-,
.Z:)
i
• • • •
rr" w
rn __
m LIJ -
U
"1"
z
0
LL!
IJJ
, * ,
0
,,qp
e-I
(93(I) 379NV _J37f13
"m
I-
.I Itl =--e
¢/) -.r -T-
0,. I- Q,.
(:=
n-
O¢4
e-I
• • * * • *
o. =. °
g : o..
" O 0
e-I e-I
.I
3:
>..
,--, =E::
-=:)
e,,m,e
,J ._1
: _.j
-r" ,_
_ °
(93_) 379NV a37n3
327
328
i32g
Z
O
I-
Z
144
mmm
n-
O
uJ
O
ZE
l-
m
,=J
rE
Z
O
C_
Z
LU
t-
o
°_
O
E
c: O
•,-, c
"_o
°_
X .¢..-,(I) _"
"IO. C
C: O
CO m
m'1o
c O
.o E
O....o
O ¢_
O
::3 (3
O) c-
_.-
O c-
c::: ._c
O
"O
c_
0 _
e--I_
°_
_ m
m _
<--_
0
330
Z
0
nm
w_
unn
0 =I._
w I-
a -r
0
E
U :
g
, T
(930) S37gNV _37N3
331
(n
1
U)
>-
..J
<
Z
.<
0
mm
I-"
Z
0
W_
0 <
Z_
_om
I--
<
u.
Z
0
0
CO
I--
=
p.
o
-d
0
e-
I1)
if)
Ol
e-
o
°l
0
e-
0
°_
om
E
0
111
>
<
0
0
ffl
t-
O
c
0
._
o_
0
>
¢-
o_
r-
0
E
E
if)
<
332
333
c- 0 t-
_E8
E_.m
.___m
e-
.o _
_ o_
r,_ e-
ol--
334
335
z=
_o
0
w
0
a.
0 0
WO
_..E
o_
"O O
O.IO
N
_ O
.IO
O._
_ U
e'-:_
O "_
X:E
ffl
_e
o_
e'- "1_
O O
e- O
"O'_
"O O
e- I1_
e-
I--- i._
,--E
O _
°_ "_
0
0 m
0_ 0
-0.0
mo
=E
0
E_
0 _
0.__
E_
_ O
O
O
°E
e-- e._
ffl ffl
o
O_
U U
_,-._
O
e._ o.
04" e--
tl-._
336
337
m_!
14.1(0
WZ
W
>-
O3
00_
_o._
_--o, E
 ==Oo
1O O_¢/) .--_ e-
(/)
¢/)
0"0¢_
*-" 0
-0 ¢n -0
O_ -n O)
¢.-
0
0 00 o
O) _,e-
o_N
0 c--
E -_ --_
<_.,-
.0 _
_.'_
oi-
338
339
340
O8
,=.,
wj
_ .J _o m a
I_1Z IE (11 bl Z
NC_- :3 _- 0
:30(1: OU _-
oo _ _ o(1) • I- I=1 ::3 ,.4 0101
oo o,,,_ g ,.,o,,, _ .,_O::_: _ P 01 3:: "., _" _ZO Q
I_1 Z U _ I-- J . 013 I-.
n, W_- O 0 mZ_£
_ W I:11_ U J _ >- a" I-- ZWOOE
3::) _- W -I I-- _ Z LU I- a. C)
IE W :]: bl I_i Z: 0 0. 0 I_i :::)
0-.Z_ :::) N
_ WZI-_ I_ _ 011.- O) o-, I- I- I- E Z
1:001 _ Z Z:: " 01 J ([ M m (l: 0
. O_O_ _ I_1 ::)1- " :::) ::) W "
_1-O W _ IZ: 01 L_ _ _: I- I--
_IN l_i N (I) :::) I_i1-- 0 I'-I-- I-I--U
0 M _: I-- W "' (I)- :_ IZ) Z
_ U" I_1 " . I- . I/) n" :::) --::3
_ Ill :_ _ W I- I- 0 .- %0 _-Ii:
ZMU _M" WIll _ M_WU
nM,_ .I:_U Z
- " _ _-_"_'_ I#.;-.,.,%_'_._._, , , ,
341
342
343
W
@
m
344
ORIGINAL P_.Ci_
OF POOR QUALITY
X
EL
..--_ :>
0
Z
t.ttttt-_t,,,,,,m,,,=,,,_
I.
X
34_
>-
r_
i,i
0
i,i
Z
0
I,i
0
a
,,i
r_
,,i
i,i
0
CO
>-
<
346
ORIGINAL P_C_ _3
OF POOR QUALI1Y
Z
0
IJI
IJI
>.
¢I:
IZl
in
X
CO
_,,j, _/_
m_ .
Z
i
347
I'--
I,LI
0
!.1,1
Z
0
Z
I,LI
m
348
Z
0
Z
UJ
>.
rn
in
X
CD
f •
• .r
I •
IT.
m
.___.) i,._
,(
Z Z
Z
349
U)
(J
m
I-.,
U)
m
rr
141
D-
O
<
rr
-r
0
..J
0
m(/)
>.
-r"
O,
_.£:
(1) r-
•___.(/)
(1) r-
=2
0 "-
• _ 0
_._=
q..
c_8o
<.__
"0 0(1) (J
.__ >,
>,0
-Q G)
u_ r-
x 0
(D ._-,
t_
_- (_
(_.'=
•e_ ._
L.. U)
o -d
•.-..c: _)
.__ _ _)
_>,.Q
f-
t..
(J._ 0
_2
e- I1)
35O
0
m
m
e_
w
.I.-
-J
0
w
Cl)
n_
1_; I_"
Z
o
Z
14.1
Z
O ,:"
14.1
C3
14J
Z
o
14.1 CO
O
14.
A
A E
.=_
14.1
_E (.-3
n-
_=
m.
,p=
144
O
_D
14.1
,I,,=,
O
14.1
O
,11,--
144
O
14.1
m.
14.1
O O
f4_
144 14,1 144
m.
9==
14.1
,i==,
O " _ •
A
m_
Z _
m
X
X
m
N
N
n
X
D
N
i
N
m
351
352
II °o _ ° o
0 II _ _ _ _ _ _ o _
0 li ,- ,- ,- - _-
m II . ,, . . . + ! "
LU • i
lI " " " _ _:
IJJ
,- II .., .... ,,.,, ..... -,_
0 II
II _ r __'- "_ I
0 ,, ' '_w=. il >_-----_ = i
< I1<'o__'-'_11 ./ , ,,, .....i _
w II __ >'_
Q II > Ii,,.--.__. __
!- II - .Jr" i -J_ ®
i
I
,- II f I,
o II / I'
.,,,, ,,,,
,Si,_;i<-!_:..,........ I_NI_GnJ._l_v •
, !.,.x'-'_'.-.C_-:_"
/-'._".__,'_._
353
i
io
354
I--
UJ
(/)
lJ_
IL
0
U.I
I=
::)
L)
(/I
iii
I:I:
Q=
0...,
LU _,-,. X
Z
UJ
0
I
>. x_'N
-
ll
0
nl
j. Z ,
0
0
N
0
'I'm
|
0
Z
0
ILl
(,I
lJ__
0
0
'I"
0
I
0
Z
0
ILl
111
0
0
|
0
0
z
0
z
I,i,I
355
Z
o
C_
Z
ILl
0
I-"
Z
0
U.I
0
It.
=s
0
n-
u.
rr
u.I
14.1
Z
.<
=i
n-
Lu
>
o
-r.
(.1
n_
_- 0
r- o i.._
.__._ _
O O
o E°'-
"10,1=
-; .. o .o
_'_ E
_o
o _o._-
356
Z
0
a
Z
I.I.I
0
I-
Z
0
ILl
L,I=
0
n*'
LI.
n-
l.U
>
ILl
Z
ILl
>
0
=t=
tO
I-
I:I.
f J
e.'.j e *
t_
ILl
I
Om
ILl
Z
I,I.I"_
I,U
_0
I
.>,=
_=_ . j
o_ /
_=- /
I I
o
__ _'.
Z
I
o
357
o
o
E
Z
LU
¢,_ n-
O
k-"
04
o
o
"T"
-r"
rO
I-'
=mm
I-..0
'T"I_
m
_i
14.
z
0
c_
z
uJ
"_ _u
EE__
0--- m
p.__(_ .
I1) :_ ..._ 0
u C
_> =_= o'=oQ_O
_... :,_ ro c O)
oi (_
3®>=_
"-0--'10
.o u) o .'-
E
o_._
_._= "_ o
._ .,._ t.. ''_
_.==._
•_.o o
0 _- O_
_._E
E_O0__mF
358
o o. o
(tUN) :.INOI:IO.L "IOI:IINO:)
oo
¢,}
(D
MJ
0
>.
P_
_P
0
0
0
t"
359
i-
I!
,
360
E
Z
I-
Z
u4
=E
0
=E
,(
.,4
z
,(
-I
144
w
I-.
361
..I
I.I.I
_)
z
0
0
0 m
0 L
CO a)
e-. 0
"10
L- 0
I1) m
E_
0 q)
IZ) r-
_ _.
"(3 0
co 0
u)---
2 °
x _
W _
m_
e-4-, o
o m
e---o
o _
e._r-
0
_ m
I... m 0
362
._I
LIJ
LM
=I=
-=
=i=
i==
_D
i
31ONV u3qn3
363
I-
ra
m
O
I-
CO
0
0
m
w
n-
O
z
i-
z
0
0
364
I--.
03
0
8
0
Z
01
=,.. =,<L_ _,
o,
(930) 3"IONV 1:1311"13
365
366
367
368
i--
Z
i11
=E
Z
(3
..I
I--
(/')
::)
13:
-I-
I-
(/1
=)
0
:::)
z
8
0
I--
i11
a
,>-
I--
I
i
i--
m
Z
ILl
(/)
lit , ! i;, _ll;IFI,
1
v
/.-.,., , ,_.
_" _1,_s_ _
369
A
{U
N
C
O
on
U.
._ O
oE
O
e_
O
II
C
O
IJ. U
O.c
.i
'r" v
),,
('W
..je_
O
|
O
|
n-
<
0_
_-Oo
O) _3 r-
t_- _ -_
0 .,-,
0 0 _
¢- r- 0
0 0
0003
c
00) 0
c- o
_ .o
._o
E
EE
370
0• 371
ZI--
IJ.
Illll
.ll
.--I
,--I
Z
Z
I.l.I
l"
372
O373
PRECEDING PAGE E_LANK NOT FtL_,_D
Standard Bibliographic Page
1. Report No.
NASA TM-89004
4. Title and Subtitle
A Space Station Structures
Experiment - SAVE
2. Government Accession No.
and Assembly Verification
7. Author(s)
Richard A. Russell, J. P. Raney, L. J. DeRyder
9. Per_rming Org_iz_ion Name _d Address
NASA Langley Research Center
Hampton, Virginia 23665-5225
12. Sponsoring Agency Name _d Address
National Aeronautics and
Washington, DC 20546
Space Administration
3. Recipient's Catalog No.
5. Report Date
August 1986
6. Performing Organization Code
480-51-13-01
8. Performing Organization Report No.
10. Work Unit No.
11. Contract or Grant No.
13. Type of Report and Period Covered
Technical Memorandum
14. Sponsoring Agency Code
!15. Supplementary Notes
16. Abstract
A design concept for a 5 M erectable space station STS structures flight
experiment is developed and discussed. The main considerations examined in
developing the design concept are (1) space station structural configuration,
(2) space station structural assembly procedures, timelines and operations, and
(3) on-orbit space station structural dynamic testing. The concept is developed
using current hardware design concepts, maximizing use of the shuttle Remote
Manipulation System (RMS) and simulating space station extravehicular activity
(EVA) procedures. In addition to the experiment hardware description, analysis,
and results, this report describes the resources required to perform this STS
experiment. The report also indicates the spacecraft bus requirements necessary
for a free flyer three-year lifetime capability.
17. Key Words (Sugg_ted _ Authors(s))
Space Station Spacecraft Bus
Assembly Fixture Free Flyer
Truss Structure
Assembly Sequence
Structural Dynamics
19. S_urity Classif.(of this report)
Unclassified
18. Distribution Statement
Unclassified - Unlimited
Subject Category: 18
20. S_urity Classif.(of this page)Unclassified 21. No. of Pag_ 22. Price375 A16
For sale by the National Technical Information Service, Springfield, Virginia 22161
NASA Langley Form 63 (June 1985)
